The non-timber forest products (NTFP) market in the Brazilian Amazon plays a key role in social, economic, and forest sustainability. Are considered as belonging to the NTFP designation all those products extracted from the forest which is not wood, such as leaves, fruits, fibers, seeds, oils, resins, gums and others. This market has been poorly explored in the country. This study discusses the market for NTFP in the Amazon region. This study aims to measure the response of the extractive supply of NTFP to price changes during the period 1973-2011. We used econometric tools for the analysis, where the supply and demand equations were specified and adjusted by the Ordinary Least Squares method. The price response was measured by the estimation of two logarithmic models for each of the products. Simultaneous models of supply and demand for NTFPs were developed and used to explain the behavior of this market. The results showed low price elasticity for the supply, which means that the quantity produced showed a low response to price. Our findings imply that the NTFP market in the Amazon shows economic potential, although it requires investments in regional infrastructure for production, training, and organization of extractive communities, and marketing support. Our results have important implications for policymakers to formulate effective subsidy policies to encourage the commercial production of NTFPs and to strengthen the NTFP market in the region.
Introduction
This study analyzes the market for non-timber forest products (NTFP) in the Brazilian Amazon, Myers (1988) considers that non-timber products are those products which can be harvested from the forest, which are not wood or wood for fuel purposes such as fruits, bark, resins and oils. NTFP plays an important role in the economic, social, and political formation of the Amazon region (Aguiar et al., 2017) . Extractivism is considered important by the Brazilian government and this has resulted in the creation of numerous conservation units of sustainable use such as Extractive Reserves, Sustainable Development Reserves, and National Forests (see law number 9.985 of July 18, 2000) . However, this extractive activity remains outdated, economically unsustainable, and undeveloped. The extraction of NTFP has attracted the attention of the society, public managers, and policymakers, especially owing to the potential income generation and environmental conservation. In the last two decades, various laws, policies, plans, and programs have been implemented to stimulate and support the extractivism of NTFP and its markets (Afonso et al., 2014) . Small cities have increased their population and income because of a resource base provided by their proximity to forests and access to an ecosystem that consists of not only timber but also NTFP (Nadkarni, 2017) . Most traditional and emerging companies in this sector tend to be small-scale and family-owned; and there is a large untapped potential for NTFPs to support rural development and increase incomes of landowners and rural enterprises (Ludvig et al., 2016) . NTFPs have been gaining prominence among researchers as an alternative tool for income generation (Shankar et al., 1998; Afonso and Angelo, 2009; Almeida et al., 2009; Guerra et al. 2009; Nogueira et al., 2009; Nogueira and Santana, 2016) . These studies have immensely contributed to the understanding of the NTFP market (Homma, 2008 (Homma, , 2012 Angelo et al., 2013) . All these studies have reached a consensus that NTFP market is a complex activity and with a lack of market studies. If NTFPs respond favorably to prices, market policies that contribute to the development of extractive communities in the region, public policies, and other instruments are recommended. This study aims to contribute to the NTFP literature through a quantitative approach. Thus, the objectives of this study are two-fold: a) To measure the response of the NTFP extraction offer to the price; and b) to provide subsidies to public managers in the scope of public policy formulation for the NTFP market in the Brazilian Amazon.
Results

Model 1
The price variable presented significant coefficients at 5% for palm heart, copaíba oil, and Brazil nuts (Table 1) . For the coefficients, we expected them to be positive for the price variable and undefined a priori for the trend variable. However, the coefficients of the price variable showed a negative sign for rubber, palm heart, and babassu almonds. The açaí was not included in the table because, for this product, the estimated coefficients were not significant at 10%. The low values presented by the coefficients of determination of several products and the low coefficients presented by the price variable, usually less significant than those presented by the trend variable, suggest that the model can still be improved by the incorporation of other explanatory variables. The Durbin-Watson "d" statistic did not indicate the presence of first-order positive serial autocorrelation in the residues of any of the products. The most significant variable, the trend, was significant at 1% for all products.
Model 2
To complement the model, we introduced as an explanatory variable, the dependent variable, lagged in a period (Qt-1) (Pastore, 1973) . The F test rejects the joint hypothesis that all coefficients are simultaneously equal to zero at a significance level of less than 1% for all products. The coefficients of the price variable were positive for most products, as expected, for Model 2 (Table 2) , including for rubber, whose coefficient estimated by Model 1 was negative. For palm heart, the coefficient of the price variable remained negative and significant. The Durbin's "h" statistic, with values between -1.96 and 1.96, indicates with 95% probability that there is no evidence of serial autocorrelation of the residues in any of the estimated models. The F test rejects the joint hypothesis that all coefficients are simultaneously zero at a significance level of less than 1% for all products. The low values estimated for the coefficients of the price variable indicate a supply situation that is highly inelastic to the price. Falesi et al. (2011) estimated the coefficient of price elasticity of supply for extractive açaí as 0.114 in Pará state, Brazil, which is consistent with this study. On the other hand, Sant'Anna and Nogueira (2010) estimated the value as 0.94; however, these authors used the total production of açaí by adding the extractive product to the cultivated one. This reinforces and provides evidence that only the extractive supply is inelastic. The trend variable showed a significant coefficient of 10% for copaiba oil, palm heart, and Brazil nuts. The lagged variable Qt-1 had a positive coefficient in all cases, except for copaiba oil. Rubber, açaí, and babassu almonds presented coefficients, significant at 10%, of 0.86, 0.65 and 0.78, respectively. There is a strong positive relation between the production of the current year and that of the previous year (Sant 'Anna and Nogueira, 2010) . The coefficient of the price variable is positive and significant at 10% for Brazil nuts and copaiba oil, while being negative and significant for palm heart. We observed that the most consistent results occurred for copaiba oil, with coefficients ranging from 0.36 to 0.37, and always being significant. Although the result is in line with our prediction, the magnitude of response was low, which explains the inelasticity of supply to price, it presented a low magnitude, which describes an inelastic supply of the price. If there is a 10% change in the price of copaiba oil, the quantity supplied will change in the same direction, approximately 3.6%. The studied products presented coefficients very close to zero. Rubber and palm heart had negative coefficients. Specifically, palm heart had negative and significant coefficients of -0.61 and -0.51 indicating a reduction in supply between 6% and 5% for a 10% increase in prices. This result describes the inability of supply to respond to prices. For each year, we find that the higher the supply, the lower the price, and vice versa. This scenario was caused both by the scarcity of the product in some producing regions and by the fight against the illegal extraction of palm heart. In general, the products showed very little sensitivity to price changes. Using the Generalized Moments Method, the price elasticity of supply for açaí was 0.94 (Sant'Anna and Nogueira, 2010). However, Sant'Anna and Nogueira 2010 analyzed the global supply in the state considering extractive production and crop production. The results corroborated with Lopes and Santana (2005) , who estimated the price elasticity of açaí supply in the state of Pará as 1.003, also from the joint production of extractivism and cultivation. Falesi et al. (2011) show a price elasticity of supply of 0.11 for extractive fruits in the state of Pará, characterizing the market as inelastic, similar to our study. Considering that the market does not differentiate extractive production from crop production, as is the case with the açaí market, the equilibrium price observed in the market is the result of the interaction between demand and the joint supply of extractivism and cultivation. Thus, the price elasticity of supply of this study, as found by Falesi et al. (2011) , cannot be considered representative of the global market, but of the extractive market, the supply of extractive products seems to be inelastic because not have the same capacity to respond to price stimuli of the cultivated products. NTFP's commercial production, on a community basis, requires government funding, provision of credit or microcredit, and the need for training and capacity building of extractive communities (Guerra et al., 2009 ). The lack of adequate technologies for NTFP production, conditions of access to transportation and information in producing regions, local cultural characteristics, alternative options for income generation, and subsistence of producers may be related to the low price elasticity of supply found in our study. In poorly developed areas, shortcomings in transport and communications facilities may restrain a smoother functioning of the factor inputs market, and only if the economic stimulus persists for a longer period will they lead to a more sensitive reallocation of the sensitive factors (Pastore 1973) . The mobilization of factors of production in the field is more rigid than in other sectors of the economy. These results point to the need for durable public policies for the promotion of NTFP production. They also point to the need for policies to support the organization and empowerment of communities that can benefit from NTFP production and the subsequent manufacture of finished products. The inability of the supply of extractive products to respond to the price, that is, an inelastic price offer, is attributable to the fact that the supply has reached the productive limit of the environment (Homma, 1993 (Homma, , 2012 . It is possible to increase supply only by adding new areas to production. Increased public investment in the areas of infrastructure, improved market access, and provision of credit for production and marketing will probably have a positive effect on NTFP production in the Brazilian Amazon, although this is possible only in the medium or long run" be more appropriate. Minimum price policies for the extractive product can guarantee remuneration of the producing families without causing major changes in the quantities extracted from the forest.
Discussion
Materials and Methods
Data collected
In this study, we analyzed data on the production and commercialization of six Brazilian NTFPs, predominantly Amazonian: açaí, babassu almonds, Brazil nut, palm heart, rubber, and copaiba oil. From the temporal point of view, were carried out data for the period from 1973 to 2011 to the analyses of growth rate, response to prices, and supply and demand for NTFPs. We primarily use data contained in the Brazilian Statistical Yearbooks published by the Brazilian Institute of Geography and Statistics (IBGE). We collected data regarding the quantities produced and NTFP production value derived exclusively from extractive activities. Since the Statistical Yearbooks contain information on the values and quantities of NTFP produced, the average value or average price of the product is calculated by dividing the value produced by the quantity produced. We use IBGE data because is an official institution in Brazil responsible for the collection and maintenance of historical series referring to the most diverse sectors of the economy, as well as census data. Albeit there are limitations in some data series, including annual rather than monthly frequency for many data, especially for those of regional or national scope, such as those used in this study, on NTFP production in the Amazon, the series maintained by IBGE are the only source available.
Data treatment
We convert all monetary values into Reais before their deflation (Castanheira, 2008; Hoffmann et al., 2012) . In the update of the values, we used an inflation index. In this study, we opted to use the Wholesale Price Index (IPA-DI) maintained by the Getúlio Vargas Foundation, see http://portalibre.fgv.br.
Econometric analysis
During the 1960s, it was widely believed that one of the problems of non-technological agriculture in less developed countries was the low response of agricultural production to prices. This would lead to the lag in the adjustment between the quantity demanded and supplied of agricultural products (Pastore, 1973) . The theoretical model adopted by Pastore (1973) was based on the study of Nerlove (1958) . This model is most widely used in applied econometrics (Diebold and Lamb, 1997; Thiele, 2000) . Prior to this model, the Nerlove model was the most influential model of agricultural supply analysis (Mamingi, 1996) , and is still being used widely (Yu et al., 2012) . Unlike the dominant thinking in the 1970s, several Brazilian agricultural products responded positively to prices (Pastore, 1973) . In his study, this author compared the results of several models, using four different methods: Ordinary Least Squares (OLS), Two-Stage Least Squares (2-SLS), Three-Stage Least Squares (3-LSL), and two-stage method proposed by Keneth Wallis. From Pastore (1973) , two of the most promising models were selected for an adjustment test for the six NTFPs selected in this study. Considering that the extractive activity would share the same characteristics that would lead to the lack of adjustment between demand and supply, resulting in low price elasticity of supply, it was decided to test the adjustment of extractive NTFPs in the Amazon to the Nerlovian models proposed by Pastore (1973) . The models tested, both in logarithmic form, consider the following variables: Q is the amount of NTFP being analyzed; Pt-1 is the price of the product in the previous year (t-1); Qt-1 is the amount produced in the previous year (t-1); T is a trend variable, always in arithmetic form: 1, 2, 3, 4, ..., n; ɛ is random error ln is the natural logarithm. Model 1: ln( ) = + 1*ln( −1) + 2* + ɛ (1) Model 2: ln( ) = + 1*ln( −1) + 2*ln( −1) + 3* + ɛ (2) The selected models are quite simple when compared to those available in the forest products market literature. These include in the supply equation, besides the price of the product itself, variables such as the price of labor and the price of capital (Soares et al., 2009) ; exchange rate, minimum wage, interest rate, and trend (Soares et al., 2004) ; exchange rate, domestic price index, installed industrial capacity and trend (Brasil et al., 2003) ; and investment in the sector and productivity ). The two models tested include the price variable in the lagged form (Pt-1), due to the supposed theoretical discrepancy between the change in market price and its effect on producers' behavior. One of the models includes, among the explanatory variables, the dependent variable (Qt-1), due to a theoretical rigidity in relation to the type of product that he extracts and markets. To analyze the effect of non-discriminated variables, such as technological advance, advancement in regional infrastructure, increase of consumer markets, and even the development of the processing industry, which consumes several of our NTFPs, we included the trend variable in all models, in the arithmetical form (Pastore, 1973) . We used the data of the quantities sold and the production value for 1975-2011 for all products. Furthermore, dividing the accumulated value by the quantity produced, in tons, we obtained the average price paid per ton of each NTFP. In order to verify the existence of simultaneity between the variable quantity (Q) and the variable price, lagged in one period (Pt-1), we used the Hausman specification test (Wooldridge, 2012) . The test did not confirm the existence of simultaneity between the variables price and quantity at 5% level of significance. If there is no concurrency problem, the OLS estimators will be consistent and efficient (Wooldridge, 2012) , which we applied in this study using the IBM SPSS Statistics version 19 software. For the verification of the existence of first-order positive serial autocorrelation in the residues the Durbin-Watson "d" test for Model 1 and the Durbin "h" test for Model 2 were used, as described by Wooldridge (2010) and Greene (2007) .
Evaluation of models
The equations of models 1 and 2 were estimated by the OLS method (Gujarati, 2011) . For both the models, the hypothesis of simultaneity was tested using the Hausman test (Gujarati, 2011) , which did not confirm the presence of simultaneity between the variables, price and quantity. The presence of multicollinearity was assessed by the tolerance values and the Inflation Factor of Variance (IFV) (Gujarati, 2011) , although there are no strict limits to this analysis. If the values calculated for tolerance are not below 0.1 and the IFV are not higher than 10.00, it is considered that the model does not present a problem of multicollinearity among its explanatory variables. We also tested the presence of heteroscedasticity in models 1 and 2 by applying the White test (Gujarati, 2011) , and found that the models did not present heteroscedasticity at 1% probability. We used the Durbin-Watson "d" test to evaluate the presence of serial autocorrelation of the residues in Model 1 and the Durbin "h" test for Model 2. The Durbin's "h" statistic, with values ranging between -1.96 and 1.96, indicates with 95% probability that there is no evidence of serial autocorrelation of the residues in any of the estimated models. We also used the Cochrane-Orcutt iterative technique to estimate the models as a way of correcting autocorrelation. The adjustment of the parameters of the models to the data was analyzed by the coefficients of determination "R2." The "F" statistics was used for assessing the global significance of the regression coefficients and the "t" test to assess the significance of the partial coefficients. In this study, we adopted a minimum level of significance to consider any significant statistic at 10%.
Conclusion
In the period from 1973 to 2011, each of the NTFPs analyzed in this work presented its own dynamics, both in terms of price and quantity, which indicates the need for public policies that consider the specificities of each product, market, and producing region. The modernization of the extractive production and elimination of intermediaries are imperative for the sector. Currently, the diversification of government production and support to commercialization are also indispensable. If these policies are not implemented, and the ongoing initiatives are not maintained, the NTFP extractivism in the Amazon will probably remain a subsistence activity for poor families, stimulating the rural exodus.The minimum price policy for extractive NTFPs is important in guaranteeing income for extractive families. Public investment in the areas of infrastructure, improved market access and provision of credit for the production and commercialization of extractive NTFPs will have a positive effect on the Brazilian production of NTFPs, although this is possible only in the medium or long run.
